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    Abstract 
The paper discusses decision making under risk and uncertainty in the framework 
of gambling. Especially, the well-known anomaly of favourite-longshot bias is 
considered. We argue that gambling behaviour can be seen just as a consumption 
type activity. Thus, gambling behaviour is more than just a risky choice, and it is 
reasonable to assume that the price of gambling is the take-out rate or the 
excepted loss. We illustrate with some elementary gambles that the gambling 
markets constitute an environment where risky choices can be measured only with 
the probabilities. A typical gambling behaviour (e.g. horse betting) is modelled by 
the approach that includes attractiveness of risk, subjective probability, and utility 
of money. We tested the favourite-longshot bias with a large dataset from Finnish 
horse race tracks that includes more than 95,000 races over a seven-year period. 
The empirical results indicate that Finnish gamblers behaviour is biased: they 
gamble too less on favourites and too much on longshots. The results confirm the 
universality of the favourite-longshot bias found in the Western Europe, Australia 
and the USA.  
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1. Introduction 
Why gamble? In economics, during the past fifty years decision making under risk has been 
modelled mathematically within the framework of the expected utility theory (EUT). However, 
theory cannot unambiguously explain the individual’s behaviour in the gambling markets: it is not 
rational that a risk aversive person participates in gambles, where the expected return is not 
positive. In spite of this, gambling markets are increasing all the time. Thus, gambling markets are 
interesting and they provide choice based data from an authentic environment. The data can be used 
to analyze and test decision making models and theories. Moreover, investigating these markets 
gives information for a wider descriptive approach of decision making under risk than EUT can 
give. 
 
Although the gambling markets are an interesting topic for a decision theorist, they are also a 
remarkable entertainment business itself. Therefore, there are many good reasons to analyze 
markets from the bettor’s point of view (e.g. consumption activity and enjoyment), as well as from 
the bookmaker’s point of view (e.g. competition and take-out rate). On the other hand, the gambling 
markets have also negative externalities such as gambling addictions. The understanding of 
operation of market and bettors’ behaviour give us a tool to analyze policy alternatives, market 
regulation, and incentive designs.    
 
In this paper, our first aim is to briefly discuss the most familiar risk theories (EUT and the prospect 
theory) in the contexts of gambling behaviour. Second, we try to model the gambling behaviour and 
the evident game anomalies by a novel model that includes elementary factors of decision making, 
such as attractiveness of risk, subjective probability, and utility of money or wealth. Finally, we test 
the universality of the well-known favourite-longshot bias with a large data from Finnish horse race 
tracks. 
  
The paper proceeds as follows. Section 2 discusses shortly the development of decision making 
theories. In Section 3, we scrutinize the familiar mathematical properties of an elementary gamble. 
Next, the paper considers bettor’s utility and price of gambling. Section 5 presents the basic 
properties of the most familiar fallacies in gambling markets.  In Section 6 we derive a model that 
explains gambling with uncertainty function. Finally, in Section 7, we test empirically favourite-
longshot bias. The last section concludes the paper. 
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2. Short review on decision making under risk 
Since 1940s, decision making under risk has been modelled by EUT by von Neuman & 
Morgenstern (1944). The main aspects of EUT are preferences and axioms, which determine a 
rational decision under risk. However, EUT has been under heavy attacks since the early 1950s. 
Often the criticism has motivated by experiments in which decision makers often systemically 
violate the rationality assumptions. The most famous anomaly is Allais’ paradox (Allais 1953). 
Therefore, new descriptive theories based on evidence have been developedTP1 PT. Contrary to 
expectations, none of these new theories has replaced EUT. However, the prospect theory by 
Kahneman & Tversky (1992, 1979) has been used in economics in some extension.  For example, 
Kanbur et al (2007) and De Meza & Webb (2004) used the prospect theory to model a basic 
principle-agent problem. Also the gambling markets have been explained by prospect theory (e.g. 
Jullien & Salanié 2000). 
 
3. Basic properties of elementary gamble 
Consider a Bernoulli game in which the fee of the gamble is one euro and the winning probability is 
)1,0(∈p . Assume that the return is a two valued random variable Y  with ( )P Y r p= =  and 
( 0) 1P Y p= = − . The game is fair when the expected return is zero, i.e.   
 
  1[ ] ( 1) (1 )( 1) 1 0   f f fE Y p r p pr r p
= − + − − = − = ⇒ = ,                     (1) 
 
where f  represents the fair game. In the fair game, the probability and the return depend on each 
other: when the probability decreases, the return increases and vice versa.  
 
Furthermore, assume that the gambler can choose one bet ‘ticket’ i  among several bet ‘tickets’ k . 
In this case, we can write the prospect or gamble in a following vector form as 
 
 1 1( 1, ;...; 1, )f f kf kr p r p= − −q ,   (2) 
 
where probabilities 
1
1k ii p= =∑  and 1, 2,...,i k= . 
                                                 
TP
1
PT For a review, see Starmer (2000). 
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Thus, if the winning probability pBi B is very small, then the return can be very high. Now we can 
define for some ifr   in prospect 1 1( 1, ;...; 1, )f f kf kr p r p= − −q  that entails that 
 
                     1 ,   when 0if i
i
r p
p
= → ∞ → .                                              (3) 
 
However, most gambles are not fair for the gambler. We can define the unfair game for q  where 
expected return is negative (i.e. expected loss), and constant 
 
 0 0
1[ ] ( 1) (1 )( 1)     (1 )u uE Y p r p r p
τ τ⎛ ⎞= − + − − = − ⇒ = −⎜ ⎟⎝ ⎠ , (4) 
 
where u  represents the unfair game. As a consequence, we can interpret 0τ−  as an organizer’s (the 
bookmaker) take-out rate for a one-euro betTP2 PT.  
 
Let us define odd iO  to every probability ip  in the case of unfair game. We know that the odds are 
inverses of probabilities that depend on the take-out rate, thus 
 
 0
1 (1 ) i
i
O
p
τ⎛ ⎞ − =⎜ ⎟⎝ ⎠ .    (5) 
 
By Eq. (4), return can be represented by   
 
                           .iu ir O=      (6) 
 
Moreover, from Eq. (5)  
 
 0 01 1 1
1 1(1 ) (1 ) 1k k kki i i
i i
p
O O
τ τ= = =
⎡ ⎤⎛ ⎞ ⎛ ⎞= − = − =⎢ ⎥⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦∑ ∑ ∑ . (7) 
                                                 
TP
2
PT Naturally, the expected return or loss is not a rate. However for a one-euro bet they are equivalent. Therefore we  
   proceed to use the term expected loss in parallel with the term take-out rate. 
In other words, if we have information on the odds, we can calculate the take-out rate and the 
winning probabilities. As a result, only variables that affect a gambler’s decision are the winning 
probabilities of different gamble alternatives and take-out rate.  
  
In the case of unfair game it is not rational to gamble because eventually gambler will lose his or 
her money3. However the decision makers usually do not behave like mathematical machines. 
Typically return presents only one dimension of gaming. Therefore we consider also the utility of 
gambling. 
 
4. Price and utility of gambling 
Gambler’s behaviour has been explained and modelled both by normative and descriptive theories. 
For example, Friedman & Savage (1948) argued that utility function is not globally concave and 
there are some convex segments. Fishburn (1980) and Diecidue et al (2004) build a model in which 
gambling decisions are determined by two utility functions. However these models have not found 
an unambiguous answer to gambling behaviour. Usually, we understand risk as unpleasant and we 
try to avoid it. Despite this, the gambling markets do well.  
 
We can argue that the utility of gambling is consumption similarly to any other activity that has 
nothing to do with risk. For example, Asch & Quandt (1990) state as follows: 
 
“A day at the racetrack or casino may be simply a consumption type activity for 
which one is prepared to pay a price that includes the track ´take´ or the house 
´advantage´. ”(p. 423). 
 
Let assume that gambling is entertainment as Asch & Quandt (1990) stated above. Now, what is the 
price of the gambling? In the previous section, the fee of the elementary gamble was one euro. 
However, it is a quite obvious that the fee is not the correct value or price of the gamble because 1) 
gambles where the gamblers cannot win anything at all are very rare, 2) casinos do not compete 
with decreasing the fee, and 3) gamblers try to find the bookmaker that offers the smallest take-out 
rate. Thus, the take-out (or expected loss) must see as a variable part of the price of the gamble and 
bookmakers or casinos compete with it. More formally the bookmaker’s competition is shown in 
Appendix.  
                                                 
3 We assume that gambling cash is finite.  
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From the gamblers’ point of view, we can sum up the price of the gamble for a one euro bet and the 
results from the Section 3: 
 
 (i) 0 0τ = , the gamble is free of charge for the gambler, 
 (ii) 0 0τ < , the gambler is paid for the gambling and 
 (iii) 0 0τ > , the gambler has to pay for the gambling. 
 
As a result, when the gamblers’ participate in the gamble that has a negative expected return, it is 
similar consumption similarly as buying a concert ticket. If the take-out is too high for the 
enjoyment, the gambler will not participate. 
 
Next, we consider the gambling and consumption from EUT point of view. Let us assume that the 
individual is a rational risk aversive person and tries to maximize her utilityTP4 PT. Thus, her utility 
function is globally concave, (.) 0u′′ < . Moreover, we assume that the gamble is unfair and the 
expected loss for a one euro bet is 0τ− .  Now, we can write the expected utility as 
 
  ( ) 0( ) 1 (1 ) ( 1 ) ( )u uV pu r W p u W u W τ= − + + − − + < −q ,  (8) 
 
where W  is gambler’s initial wealth level. On the right side in Eq. (8) the expected loss or the take-
out can be interpreted as a cost of gambling that the gambler is prepared to pay for the enjoyment 
and, thus, the alternative decision of non-gambling not only depends on the initial wealth level but 
also on the cost of gamblingTP5 PT. We can see that rational gamblers do not participate in the gamble.  
 
To illustrate the fact assume that the take-out rate is 0 0.2τ− = − , the gambling cash is 10W = , and 
the utility function for a risk aversive person is ( ) ln(.)u x = . Because unfair game’s returns are 
dependent on probabilities and take-out rate, a prospect that can be written in form 
1 1( 1, ;...; 1, )u u ku kr p r p= − −q . This can be, for instance, a pari-mutuel horse race. The gambler will 
choose only one horse i  from k horses and he invests one euro bet for the horse i . Therefore, the 
expected utility of gambling, when the gambler chooses horse i , can be obtained as  
 
                                                 
TP
4
PTWe intend that a rational individual acts as ordering, transitivity, continuity, and independence axioms assume. 
TP
5
PT 0( )u W τ−  is the utility from the wealth adjusted with the expected loss.  
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 ( ) 0( ) ln 1 (1 ) ln( 1 ) ln( )u i iu iV p r W p W W τ= − + + − − + < −q . (9) 
 
Now we can analyze how the expected utility behaves when probabilities changes. In Figure 1 is 
shown the expected utility in different probabilities (horses). 
 
u(W-tau)
u(W)
EU
0                                                0 .5                                                  1
                                           Probability
u(W-tau)
u(W)
Utility
 
  Figure 1. Expected utility for the risk-aversive person in the unfair game. 
 
We can clearly see that the utility of a risk-aversive person does not exceed the constant, 0( )u W τ− , 
by any values of probabilities. However, a risk premium is smaller in contrast to the case where the 
gambler is not prepared to pay the price of gambling, ( )u W . Moreover, when the take-out rate is 
negative ( 0 0τ < ) it does not influence the gambler’s decision, because it weights the both sides of 
Eq. (8).TP6 PT Figure 1 also shows that the gambler dislikes particularly gambles which have a high 
return and a low winning probability as is assumed in EUT. Thus, even when the price of gambling 
is the expected loss, the gambler naturally never participates in the gamble. However, the gambling 
houses are alive and well.  
 
 
                                                 
TP
6
PT In fact, as we assume that the price of gambling is the take-out, it transforms the unfair game into the “fair game” for  
   the gambler for all values 0 0τ < . 
 7
The prospect theory can be seen to diverge from EUT at least in the following ways. 
 
A) The utility or the value function has three main characteristics.   
a) defined on the basis of deviations from the reference point,  
b) concave for gains and convex for losses, and  
c) steeper in the domain of losses. 
 
More formally, the function can be presented by a two-part power function  
 
             0,( )
( ) 0,
x when x
v x
x when x
α
αλ
⎧ ≥⎪= ⎨− − <⎪⎩
   (10) 
 
where λ  indicates loss aversion and α  is a shape parameter of utility. Kahneman & Tversky 
(1992) estimated values of the parameters. The median exponent of the value function was 0.88 for 
both losses and gains, in accord with diminishing sensitivity. The median λ  was 2.25 (loss 
aversion).  
 
B) The probabilities are weighted with subjective probability function that over-weights low 
probabilities and under-weights high probabilities. The weighting function is a one-parameter 
function 
                   γγγ
γ
/1))1((
)(
pp
ppw −+= ,   (11) 
 
where γ  was a shape parameter that is different for gains and losses. Estimated median value of γ  
for gains was 0.61 and for losses it was 0.69 (Kahneman & Tversky 1992). 
 
Consequently, in the frame of the prospect theory it is possible that the individual participates the 
gamble, particularly when the winning probabilities are low (i.e. over-weighted). However, the 
decision depends only on the probability and take-out rate when 0
1 (1 )ur p
τ⎛ ⎞= −⎜ ⎟⎝ ⎠ , and the values of 
parameters of weighting and value functions. Although we can explain the gambling markets by the 
prospect theory, the loss aversion weights affect also the decision.  
5. Anomalies in gambling markets 
The gambler’s fallacy or the Monte Carlo fallacy is a belief in negative autocorrelation for a non-
autocorrelated random sequence. For example, we throw repeatedly a fair coin. After three heads, 
we believe that the next throw will be tails with a probability more than 0.5. This bias can be found, 
for instance, in casinos. In many casinos, there are electronic displays beside the roulette table that 
shows the previous outcomes of the wheel. Many gamblers make their choices based on the display 
“information”. However, a roulette wheel does not have “a memory”. Consecutive numbers in the 
game are independent of each other and the likelihood of every number is the same in the next turn. 
The anomaly is widely documented in an empirical research. For instance, Clotfelter & Cook 
(1991) noticed that in the lotto gamble, gamblers rarely chose the number which has rolled up in the 
previous round. Croson & Sundali (2005) conducted the field experiment in casinos (roulette) and 
found the evidence that supports the assumption of the gambler’s fallacy.  
 
The second fallacy is the so-called the hot hand bias. The name of bias stems from the basketball: 
individuals presuppose that a player scores with a higher probability if he has succeeded in the 
previous throw. However, Gilowich et al (1985) rejected the result. Thus, the hot hand fallacy is an 
erroneous belief in the positive autocorrelation when the true process is non-autocorrelated random 
sequence. Note that if the even gambler’s and hot hand fallacy seem very opposite, this is not the 
case. The gambler’s fallacy is connected to the assumption of change of probability and the hot 
hand fallacy is related to the skill of the gambler.  
 
The most familiar bias is the so-called favourite-longshot bias. In the gambling markets, especially 
in horse race betting, it has noticed that gamblers over-bet longshots and under-bet favorites more 
than it is rational in the terms of expected return. In practice, the bias implies that gamblers 
overestimate low probabilities and underestimate high probabilities. The bias was first discovered 
by Griffith (1948), and McGlothlin (1956). Since then, it has been examined by Weitzman (1965), 
Ali (1977), Hausch et al (1981), and the latest results are documented by Jullien & Salanié (2000), 
Winter & Kukuk (2006) and Weinbach & Rodney (2008). For a short review, see Coleman (2004). 
Although the bias is well-documented in general, there are some exceptions. For instance, Buche & 
Hall (1988), and Hauch & Ziemba (1995) did not find the evidence for the favourite-longshot in 
Asia horse race tracks. Instead, they even found some evidence for the opposite.   
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Because the bias conflict the assumptions of EUT, it has been explained in several ways. Jullien & 
Salanié (2005) give a short review on the explanations. First, it is argued that gamblers have a 
biased view of probabilities (Griffith, 1948). Note that the prospect theory takes this as a fact. 
Second, it is possible that gamblers are risk lovers and, thus, they like to gamble horses with low 
probabilities. Third, Shin (1993, 1992, 1991) argued that bookmakers have to protect their profits 
from the adverse selection problem by giving the odds that equalize the bets. However, in such 
gambles as pari-mutuel horse betting, this is not a relevant question, since the odds are determined 
by the gamblers. 
 
Weiztman (1965) started the series of papers that estimate and explain empirically the bias with 
risk-love utility function. After that, for instance, Ali (1977), Kanto et al (1992), and Winter & 
Kukuk (2006) tried to find the answers with same methods.  However, for instance, Jullien & 
Salanié (2000) conclude that risk-love does not explain the bias sufficiently. In spite of all, the main 
problem is that we cannot separate the risk-love and the subjective probability as Jullien & Salanié 
(2005) note: 
 
     ”There is in fact nothing in the data that allows the econometrician to distinguish    
        between the two interpretations.” (p. 18). 
 
6. Modelling gambles with uncertainty function  
The prospect theory is based on one parameter subjective probability function. We argue that in the 
case of gambling it is suitable to use a two-parametric function. One type of these functions can be 
written as 
 
 γγ
γ
δ
δ
)1(
)(
pp
ppw −+= ,    (12) 
 
where the scale parameter δ  illustrates primarily the level of the function and the parameterγ  
primarily the curvature, respectively. Note that the function is valid when 0)0( =w  and 1)1( =w . 
Moreover, we assume that 1)](1[)( =−+ pwpw  similarly as in the objective probabilities. 
 
Gonzalez & Wu (1999) used Eq. (12) function to model prospects where the consequences or 
returns were only positive. The function type was a variant of the function by Lattimore et al 
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(1992). Note that curvature parameter reflects the decision maker’s view of probabilities, and the 
shape parameter reflects the attractiveness of the gamble. This approach is unusual because 
normally the attractiveness of the gambling is characterised by the utility function.  
 
We take the Gonzalez & Wu (1999) approach one step ahead. Assume that a function includes all 
aspects of attractiveness of risk, and subjective probability exists as above. We call it the 
uncertainty function. This function takes into account all the uncertainties that we run into. Thus, 
there is not a separate utility function for a risk aversion or risk-love. This approach is based on the 
following arguments:  
 
1) Empirically we cannot separate attractiveness of risk and subjective probability.  
2) We can represent the gamble only by the function of the probability and the take-out rate 
(i.e. Eqs.  1-4, 8-9 and Figure 1).  
3) Finally, we can simply assume that an individual behaves according the idea of decreasing 
marginal utility of money, which have nothing to do with the risk. 
 
Assume, as defined above, a prospect that can be written in form 1 1( 1, ;...; 1, )u u ku kr p r p= − −q   and 
the gambler will choose only one horse i  from k horses and he invests one euro bet for the horse i . 
Moreover, we also assumed that the individual has a decreasing marginal utility for money, 
0)´( >xu  and 0)´´( <xu . Thus, the utility function of money does not have anything to do with the 
risk aversion or risk-love.  
 
Note that this approach includes utility of risk (attractiveness) and the subjective probability 
similarly as mentioned above in Eqs. 8-11 but it is augmented with money utility function. 
Therefore, the expected utility of gambling, when the gambler chooses horse i , can be written as  
 
 ( ) ( ) ( 1 ) [1 ( )] ( 1)u i iu iV w p u r W w p u W= − + + − −q ,  (13) 
 
where W  is a wealth level or a gambling cash. 
 
We can illustrate the situation by a following example. Suppose that the expected loss (i.e. take-out) 
is 0 0.2τ− = − , the gambling cash is 10=W , and the utility function of money is ln(.))( =xu . The 
uncertainty function is the same as Eq. (12). Then the expected utility for ( ) 01/ (1 )iu ir p τ= −  is 
 11
( )0 01( ) ln (1 ) 1 1 ln 1 ln( )(1 ) (1 )i iu i i i i i
p pV W W W
p p p p p
γ γ
γ γ γ γ
δ δτ τδ δ
⎛ ⎞ ⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎛ ⎞= − − + + − − > −⎜ ⎟ ⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎜ ⎟+ − + −⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎝ ⎠ ⎣ ⎦
q . 
(14) 
 
Notice, that the only variables that influence the decision are the probability and the expected loss. 
The only unknown elements are the parameters. Moreover, the gambler participates in the gamble if 
and only if the left hand side of Eq. (14) (the expected utility of gambling) exceeds the right hand 
side (the utility for certain revenue minus the expected loss, i.e. consumption part of game).  
 
As the uncertainty function and return depends only on the probability, we can analyse how the 
expected utility behaves when probability changesTP7 PT. In Figures 2 and 3 is shown the expected utility 
in different probabilities (horses). In Figure 2 is shown the influence of the attractiveness parameter 
to the expected utility when the curvature parameter is a constant 0.7 and the attractiveness 
parameter deviate from 1.4 to 1.6. In both figures, the deviation unit is a 0.1 and the cross line 
illustrate the utility of certain revenue minus consumption part similarly as in Figure 1.  
 
1.4
1.5
1.6
u(w-tau)
0                                                 0 .5                                                  1
                                           Probability
Utility
u(w-tau)
 
 Figure 2. Influence of the attractiveness parameter to expected utility. 
 
                                                 
TP
7
PT Of course, we have to assume some values for the parameters of the uncertainty function.  
Respectively, the influence of the subjective probability is shown in Figure 3. The curvature 
parameter deviates from 0.6 to 0.8 and the second parameter is a constant 1.5. Note that all values 
of the parameters have chosen to correspond to gamblers’ behaviour.    
0.6
0.7
0 .8
u(w-tau)
0                                                 0 .5                                                  1
                                           Probability
Utility
u(w-tau)
 
Figure 3. Influence of the curvature parameter to expected utility. 
 
We can interpret Figures 2 and 3 as follows. If the expected utility is more than a constant, gambler 
will participate in the gamble, otherwise not. In other words, even the expected return is the same; 
gamblers are preferring horses, which have a small probability and a large return. This is, indeed, 
the favourite-longshot bias. 
 
 
Moreover, by this model, it is also possible to explain the gambler’s fallacy and the hot hand bias. 
For instance, gambler’s fallacy reflects the gamblers behaviour by the curvature parameter and the 
hot hand by the attractiveness parameter. Furthermore, in the uncertainty function can explain or 
model the gambling addiction: the shape parameter will increase while a gambler continues to 
gamble. 
 
To sum up, if we assume that gambling is just a consumption type activity for which the gamblers 
are prepared to pay, then it is moderate to explain the gambling behaviour with the uncertainty 
function. Furthermore, the represented approach includes both the crucial concepts: attractiveness 
of gambling and the biased view of probabilities but it is augmented with the utility function of 
money.  
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7. Empirical evidence from Finnish horse track 
The empirical part of paper studies how Finnish gamblers behave in a pari-mutuel horse race (“win 
bets”). In this game gamblers impose the bets for the horse, which they assume to win the race. 
After gamblers have put their bets, the odds are based on this information and returns are implied by 
the odds. Evidently the odds are the gamblers’ views of the winning probabilities. The applied 
return odds are the “representative” gambler’s prospects. Thus, the subjective probabilities can be 
calculated by the odds.  On the other hand, if we have a historical data on horse records, then we 
can estimate the objective probability. 
 
We have used the Finnish pari-mutuel horse race track data from the Suomen Hippos (the Finnish 
Trotting and Breeding Association). They have a monopoly by the law to organize the horse betting 
markets in Finland. The association organizes races in the 43 tracks around the country more than 
five times per week. The data has been collected from the Suomen Hippos (2007) WebSite by a 
computer programme. The time period was 1.1.2000-19.7.2007. It includes 95 786 races with 1 196 
449 starting horses. Obviously the same horses appear in different races quite often.   
 
The bookmaker has the take-out rate for every bet. Typically it is around 20 %. In the data, the 
average take-out rate was 21,97 %. In practice, this means that a gambler will lose for a bet 21,97 
%, in average.  Thus, the expected return is negative and the gamble is unfair for the bettor.  
 
Our main aim is to calculate the subjective probability for a representative bettor, to estimate the 
objective probability, and to compare these concepts. First, from the data we get the odds for every 
horse by race to raceTP8 PT. The odds are derived from the gamblers bets. Thus, iO  for the horse i  can be 
written as  
 
1
0
1
(1 )ii n
ii
bO
b
τ
−
=
⎛ ⎞⎜ ⎟= −⎜ ⎟⎝ ⎠∑ ,    (15) 
 
where ib  is the all bets for the horse i , ∑=ni ib1  is the sum of  bets for all n horses, and 0τ  is the 
take-out rate. Due to properties of the elementary gamble, we can write  
                                                 
TP
8
PT he odds are rounded downwards, e.g., the odd 1.56 will be 1.50. This influences the results, i.e. the favourite bias 
decreases (Coleman 2004).   
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 ( )0
1
1 1 1
n
i iO
τ
=
⎛ ⎞ − =⎜ ⎟⎝ ⎠∑ .    (16) 
 
As we know the take-out rate, the inverse of observed odd (probability) for every horse i  is 
 
    ( )01 1 i
iO
τ ρ⎛ ⎞ − =⎜ ⎟⎝ ⎠ .    (17) 
 
Note that take-out rate should not influence the subjective probabilities, since the take-out rate is 
levied on all paid returns with the same proportion and it does not affect how the horses run. Thus 
take-out rate fulfil the (tax) neutrality condition.  
 
Secondly, we have to estimate the objective probability. The literature has used different methods in 
this context. For instance, Jullien & Salanié (2000) calculated probabilities by dividing the odds in 
to the segments (groups) in every race. Furthermore, if the odd of the horse was inside the interval, 
it was placed in this odd group. This routine has, however, one potential problem: it is possible that 
inside the same segment there are more than one horse, even though only one can win. Therefore, 
we construct the estimation of the objective probability with Ali’s method (1977). First, we divide 
horses in groups )(h  in every race: a favourite horse is group one, and so on. Overall, we will create 
ten groups from all races.  
 
Suppose that hπ  is an objective winning probability to a horse, which was included in the group h . 
The objective probability for the group one (the favourite) is calculated by dividing all winning 
cases of the group one with all races. Formally, it can be represent by 
 
 1
m
jhj
h
Y
m
π == ∑ , 1...10h =    (18) 
 
where 1jhY = , when a horse in group h  wins the race j , and otherwise zero. A number of races is 
m .  
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Notice that hπ  is Bernoulli variable. Because the races are independent, hπ  is Binomially 
distributed. Moreover, the estimates of Binomial distribution have the following unbiased 
properties: ( )jh hE Y π=  and ( ) (1 ) /jh h hVar Y mπ π= − . Furthermore, the subjective probability in 
each group h  can be solved by 
 
 1
m
jhj
h
hm
ρρ == ∑ , 1, 2,...,10h = .  (19) 
 
The test for gambling biases is 0 :H  0h hρ π− =  for all 1, 2,...,10h = , i.e. are the subjective and 
objective probabilities in different groups equal. We can approximate the Binomial distribution by 
the Normal distribution if the sample of observation is large enough. By the Central Limit Theorem, 
we write as  
 (0,1)
(1 ) /
h h
h
h h
z N
m
ρ π
π π
−= − ∼    (20) 
 
The empirical results are presented in Table 1. 
 
                      Table 1. z-test for the equality of subjective and objective probabilities. 
 
 
Group (h) 
 
hπ  
 
)( hSE π  
 
hρ  )(
)(
h
hh
SE π
πρ −
 
1 0,364 0,00158 0,328 -23,03** 
2 0,180 0,00126 0,173 -6,08** 
3 0,126 0,00109 0,118 -7,56** 
4 0,092 0,00095 0,088 -4,15** 
5 0,069 0,00083 0,069 -0,57 
6 0,051 0,00072 0,055 4,51** 
7 0,040 0,00064 0,044 6,43** 
8 0,033 0,00059 0,036 4,09** 
9 0,025 0,00052 0,029 6,26** 
10 0,018 0,00043 0,023 11,50** 
** Denotes the 1 % significance level. 
 
 
 
The subjective and objective probabilities are statistically different in all groups except the group 
five. Moreover, the results indicate that bettors gamble for the favourites too little and, respectively, 
too much for longshots. The results do not reject the favourite-longshot bias. Finnish bettors behave 
as their counterparts in the Western Europe, Australia and USA. 
 
8. Conclusion 
It is evident that the gambling behaviour is more than just risky choices. Several reasons indicate 
that the gambling behaviour is a consumption type activity similarly as enjoying a theatrical 
performance, for instance. Therefore, it is reasonable to assume that the price of gambling is the 
take-out rate or the excepted loss of game. The take-out varies between of different gambles or even 
inside the gamble (e.g. favourite-longshot bias). Thus some gambles or even choices are more 
attractive than others and the gamblers are prepared to pay the higher price for these games.  
 
We illustrated with simple elementary gamble example and with pari-mutuel wagering example that 
the gambling markets constitute an environment wherein risky choices are only measured by 
probabilities. Therefore, the gambling behaviour can be handled with the approach that includes 
attractiveness of risk, subjective probability, and utility of money. However, the suitability of this 
approach to the other risk involved situations remains to be analysed. For instance, the insurance 
markets (e.g., the price of a fair/unfair insurance) are very similar to the gambling markets. Thus 
more theoretical research is needed here. 
 
The results of the empirical part of this paper indicate that Finnish gamblers behave similarly as the 
favourite-longshot bias predicts: gamble too little on favourites and too much on longshots in 
comparison to a rational risk aversive person. The results confirm the universality of the favourite-
longshot bias. Next step is to consider the anomaly more closely, i.e. try to find some elements that 
systematically explain gambler’s behaviour in the similar fashion as, for instance, Weinbach & 
Rodney (2008). However, a more precisely empirical research requires individual information and 
data from the gambling decision. We hope that this will be possible in the near future. 
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Appendix 
 
Let assume two bookmaker companies i  and j . They offer bookmaker service for the customers 
and they compete by take-out rate iτ  and jτ . Moreover, the total money, which gamblers are 
gambling is i jS s s= + . The bookmaker companies are identical and offer a homogenous service. 
We assume that consumers are choosing the cheaper service. Thus, we can write demands of the 
companies i  and j  for the bettings as 
 
0
( , ) 1/ 2 ( )
,
i j
i i j i i i j
i j
s s
S
τ τ
τ τ τ τ τ
τ τ
⎧ >⎪= =⎨⎪ <⎩
 ( , ) 1/ 2 ( )
0 .
i j
j i j j j i j
i j
S
s s
τ τ
τ τ τ τ τ
τ τ
⎧ >⎪= =⎨⎪ <⎩
 , 1, 2i j i j= ≠  
 
The companies’ profits can be written  
 
 ( , ) ( , ) ( , ), ( , ) ( , ) ( , )i i j i i i j i i i j j i j j j i j j j i js c s s c sπ τ τ τ τ τ τ τ π τ τ τ τ τ τ τ= − = − , 
 
where ic  and jc  are unit costs. Nash equilibrium for the companies are { }* * * *, , ,i j i js sτ τ , so that 
* * * * * *( , ), ( , )i i i j j j i js s s sτ τ τ τ= =  and * * * * * *( , ) ( , ), ( , ) ( , )i i j i i j j i j i i jπ τ τ π τ τ π τ τ π τ τ≥ ≥  for all ( , )i jτ τ . 
Because the demand functions are not continuous, we proceed as follows. 
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Claim:  If i jc c c= = , then * * * *, 1/ 2 ( ).i j i js s s cτ τ= = =   
Proof:  1. i cτ <  and j cτ < , cannot be equilibrium, because profit would be negative. 
2. i j cτ τ> >  and j i cτ τ> > , either cannot be equilibrium, because the company 
which has a higher price will decrease it. 
3. i j cτ τ= > , cannot be equilibrium, because both companies have an incentive to 
decrease it. 
4. i j cτ τ> =  or j i cτ τ> = , cannot be equilibrium, because the company which has 
cτ =  it is profitable to increase the price for a bigger profit. 
5. i j cτ τ= = , is equilibrium, because for neither company it is not profitable to 
change the strategy.  
